Last year we finished the design and assembly of a semi-automatic system for the measurement of stress in textured ferritic steel[21.
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Magneto-strictive EMATs, which have no contributions generated by Lorentz force, were used on ferrous alloys since the absence of the Lorentz force mechanism precludes any velocity errors that might be produced by interference of Lorentz force and magnetostrictively generated signals. Phase shifts due to lift-off were solved by driving the transmitter EMAT's in series. To make reliable wave-speed measurements in an industrial environment with an economical sampling period of 100 nanoseconds, a Fourier Transform-Phase-Slope technigue was implemented which not only solves the zero-crossing problem[l,2J, but achieves accuracy approaching the Cramer-Rao bound[31.
Initial data are improved over the previous year's work, however, further refinements are required to archive the expected error bound of ± 2 ksi. These refinements take the form of reducing the effects of temperature induced velocity changes during the measurement process.
BACKGROUND
The measurement of stress is a generic program which constantly occurs in nondestructive evaluation applications. X-ray diffraction provides the most widely used approach, but suffers from the limitation that only a very near surface layer is sensed. Ultrasonic measurements, based on the stress dependence of the wave speed, have the capability of sampling bulk material.
Our present semi-automatic system for the measurement of stress depends on the formula
where Vee) is the velocity of a horizontally polarized shear (SH) wave propagating in the plane of a metal surface, e is the angle of the £.ropagation measured with respect to the "1" direction, p is the density, V is an average horizontally polarized shear wave velocity, and all and 022 are components of a biaxial stress state. The major importance of Eq. (1) is that all of the quantities on the right-hand-side are accessible to nondestructive measurement. The only exception is the density, which is generally known to sufficient accuracy for particular components.
During 1989, the sensitivity to lift-off was reduced by a hardware modification in which a differential measurement was made comparing the arrival times of waves launched by EMATs connected in series.
In addition, a Fourier transform-phase-slope technique was incorporated for fully automatic velocity measurement.
Excellent performance was obtained on non-ferrous materials.
However, the scatter was found to be excessive on steel sheet. The focus of the more recent effort was the evaluation of modifications of the apparatus intended to improve its performance on steel sheet, whose response is complicated by its ferromagnetic behavior.
PROGRESS

Stress Measurement on Ferrous Sheet
The primary new result is the demonstration of high accuracy stress prediction on ferrous sheet. The apparatus utilizes a new EMAT configuration, in which the bias magnetic field is produced by a pulsed electromagnet oriented parallel to the coil elements as shown in Figure 1 .
For this configuration, f w = J w x B., where J w is the induced eddy current density in the test sample and B. is the bias field. Thus there are no Lorentz forces, and the only mechanism responsible for launching the SH waves is magnetostriction. This appears to be a very desirable configuration since the absence of the Lorentz force mechanism precludes any velocity errors that might be produced by interference of Lorentz force and magnetostrictively generated signals, which have a different phase. Since the strength of the latter is believed to be microstructurally dependent, elimination of this interference is believed to remove one source of the data scatter on ferrous sheets. Magnetostrict;ive EMAT probe geometry.
After check-out of the apparatus, experiments revealed an improved accuracy of stress predictions, but one in which the scatter was still considerably greater than the ± 2 ksi desired as shown in Figure 2 . There appeared to be an uncontrolled source of error. After some time, this was identified as being associated with temperature effects. When the pulsed magnet providing the bias field are excited, significant electrical currents are induced in the material. Over the 100 repetitions called in the signal averaging sequence, considerable temperature rise and hence velocity shift could occur. In the measurement sequence the EMAT's were placed in the 0 0 orientation (parallel to the stress axis), a velocity 
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.... --------_ .. _---------------------------------------------------- The average rate of shift is 0.0049 ns/s for the prototypic instrument while the average rate of shift is 0.698 ns/s in our breadboard instrument.
A factor contributing to this difficulty was the fact that more than 100 repetitions were required because of the equivalent time required by the digitization and averaging process. Higher speed hardware was unavailable to overcome this limitation. However, we were able to reduce the change in temp-erature during the measurement process by decreasing the pulse repetition frequency so that temperature changes were insignificant. The resulting stress predictions were found to fall nicely within the target bonds of ± 2 ksi shown in Figure 3 .
We consider this to be a very significant result, since it clearly proves the advantage of the transverse field EMAT configuration for stress measurements on ferrous alloys.
In addition, it also appears to reduce legitimate concerns that have been raised about the possible effects of field induced velocity shifts (i.e. the magnetoacoustic effect) on the stress prediction.
CONCLUSIONS
We have finished the design and adaptation our present semi-automatic system for the measurement of stress in textured ferritic steel. Magnetostrictive EMATs, which have no transduction contributions generated by Lorentz force, are used on ferrous alloys since the absence of the Lorentz force mechanism precludes any velocity errors that might be produced by interference of Lorentz force and magnetostrictively generated signals. Phase shifts due to lift-off have been solved by driving the transmitter Comparison of ultrasonically measured stress versus actual stress for ASTM A-569 (hot rolled steel) using pulsed magnetostrictive EMATs. Temperature variation controlled by drastically reduced repetition rate.
EMAT's in series. To make reliable wave-speed measurements in an industrial environ-ment with an economical sampling period of 100 nanoseconds, a Fourier Transform-Phase-Slope technique has been implemented which not only solves the zero-crossing problem, but achieves accuracy approaching the Cramer-Rao bound.
